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Abstract
NY-ESO-1 mRNA expression was investigated in advanced prostate cancer by conventional and quantitative
real-time reverse transcription-polymerase chain reaction (RT-PCR). NY-ESO-1 mRNA was detected in 20 of 53
(38%) tumor specimens. Four of 15 (27%) stage C, 1 of 3 stage D1 (33%) and 15 of 35 (43%) stage D2 prostate
cancers were positive. The presence of NY-ESO-1 antibodies was evaluated in sera from a panel of 218 patients
with prostate cancer, including the 53 patients whose tumors were examined for NY-ESO-1 mRNA expression.
NY-ESO-1 antibodies were detected in 1 of 30 (3.3%) stage D1 and 9 of 110 (8.2%) stage D2 patients, whereas
none of the 78 patients with localized prostate cancer (stages A, B and C) had detectable NY-ESO-1 antibodies.
Of the 53 patients whose tumors were examined for NY-ESO-1 mRNA expression, 2 of 20 patients with NY-ESO1 mRNA-positive tumors had NY-ESO-1 antibodies. No antibody was found in the sera of 32 patients with NYESO-1 mRNA-negative tumors, with the exception of one patient with regional lymph node metastasis (stage
D1). CD8 T cell responses specific to NY-ESO-1 were detected in two of three patients with NY-ESO-1
antibodies.

Introduction
Prostate cancer ranks first in incidence among malignancies of men in the United States (1) and the number of
patients diagnosed with prostate cancer has been increasing in Japan (2). Although androgen ablation therapy is
highly effective, metastatic prostate cancer eventually becomes hormone-refractory. Chemotherapy has been
shown to have little or no impact on survival of patients with hormone-refractory prostate cancer (3, 4). The
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median survival of patients with hormone-refractory prostate cancer is approximately 9 to 12 months and
approximately 37,000 patients in the United States and 7,000 in Japan die annually (1, 2).
The number of human tumor antigens recognized by CD4/CD8 T cells or antibodies has been increasing for the
last decade (5). Cancer/testis (CT) antigens have attracted attention as potent targets for immunotherapy against
cancer because of their restricted expression in normal tissues and their expression in a wide variety of cancers
(6). Of the more than ten gene or gene families coding for CT antigens (7), NY-ESO-1 appears to be the most
immunogenic and has been shown to induce humoral immune responses and specific CD8 T cell reactivity in
approximately half of the patients with advanced NY-ESO-1 mRNA-positive malignant melanoma (8, 9). The
frequency of NY-ESO-1 mRNA expression varies depending on the types of cancer; for instance, it is high in
synovial sarcoma, intermediate in transitional cell carcinoma, melanoma and lung cancer, and low in colon and
renal cancer (10, 11, 12).
In this study, we found high expression of NY-ESO-1 mRNA in advanced prostate cancer. Moreover, analysis of
sera from prostate cancer patients for the presence of NY-ESO-1 antibodies showed that seropositivity was
restricted to patients with lymph node or systemic metastasis. In two of three patients with NY-ESO-1 antibodies,
CD8 T cell responses specific to NY-ESO-1 were observed.

Results
Expression of NY-ESO-1 mRNA in advanced prostate cancer
Expression of NY-ESO-1 mRNA in prostate cancer specimens was investigated by RT-PCR. Tumor specimens
used for mRNA preparation were obtained from 53 patients with hard nodular lesions palpable by digital rectal
examination. The tumors were clinically classified as stage C (15/53) or D (38/53) prostate cancer. NY-ESO-1
mRNA was detected in 20/53 (38%) tumor specimens as shown in Table 1. The size of the PCR product in
tumors was the same as that in testis, as shown in Figure 1A, and the PCR product was confirmed to be NYESO-1 by nucleotide sequencing. No NY-ESO-1 mRNA expression was observed in 8 benign prostatic
hyperplasia (BPH) specimens (Table 1 and Figure 1). NY-ESO-1 mRNA expression was also determined by
quantitative real-time RT-PCR using the NY-ESO-1-specific primers and TaqMan probe. Twenty prostate cancer
specimens that were positive for NY-ESO-1 mRNA expression by conventional RT-PCR showed expression of
NY-ESO-1 mRNA at levels that varied from 3.4% to 550% (Figure 1B) relative to the level in normal testis. No
expression of NY-ESO-1 mRNA was observed in 8 BPH and 33 prostate cancer specimens that were negative
for NY-ESO-1 mRNA expression by conventional RT-PCR.
The relationship between NY-ESO-1 mRNA expression and pathological and clinical features is shown in Table
1. Prostate cancer with bone metastasis (stage D2) appeared to express NY-ESO-1 mRNA more frequently than
localized prostate cancer (stage C) or prostate cancer with lymph node metastasis (stage D1), although the
difference was not statistically significant. No correlation was observed between NY-ESO-1 mRNA expression
and the patients' age, serum prostate specific antigen (PSA) level and Gleason's score.
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Table 1. Correlation between NY-ESO-1 mRNA expression and pathological and clinical features in
advanced prostate cancer.

Pathological and Clinical Features

NY-ESO-1 mRNA Positive Tumors

Proportion

Percentage

0/8

0%

20/53

38%

less than or equal to 7

6/21

29%

greater than or equal to 8

14/32

44%

C

4/15

27%

D1

1/3

33%

D2

15/35

43%

Benign prostatic hyperplasia

All tumor specimens

Gleason's score

Clinical stage

Antibody responses to NY-ESO-1 in prostate cancer patients
Sera from 218 prostate cancer patients who were diagnosed histologically at the Okayama University Hospital
from January 1999 to December 2002, including the 53 patients whose tumors were examined for NY-ESO-1
mRNA expression, were assayed for the presence of NY-ESO-1 antibodies by ELISA using recombinant NYESO-1 protein as the antigen. Figure 2 shows typical titration curves for NY-ESO-1 antibody positive and
negative sera, and Table 2 summarizes the results. The frequency of stage A, B, C and D prostate cancer at the
time of diagnosis in this panel of 218 patients was 4.1%, 12.9%, 18.8% and 64.2% respectively. NY-ESO-1
antibodies were found only in patients with metastatic disease (stages D1 and D2, 10/140), but not in patients
with localized tumors (stages A, B and C, 0/78). Of the patients with stage D prostate cancer, NY-ESO-1
antibodies were found in the sera from 1 of 30 (3.3%) stage D1 and 9 of 110 (8.2%) stage D2 patients. No
antibody was detected in the sera from 32 healthy volunteers (data not shown). In the 53 patients whose tumors
were examined for NY-ESO-1 mRNA expression, 2 of 20 patients with NY-ESO-1 mRNA-positive tumors
produced NY-ESO-1 antibodies (Table 3). No NY-ESO-1 antibody was detected in 32 patients with NY-ESO-1
mRNA-negative tumors. Seropositivity was observed for the serum from one patient with an NY-ESO-1 mRNAnegative primary tumor; the NY-ESO-1 mRNA expression status in the regional lymph node metastasis of this
patient could not be determined.
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Figure 1. Expression of NY-ESO-1 mRNA in benign prostatic hyperplasia and prostate
cancer. (A) Conventional RT-PCR analysis for NY-ESO-1 mRNA expression in BPH and prostate
cancer: mRNA from testis (lane 1), BPH (lanes 2 and 3), stage C prostate cancer (lanes 4 and 5),
stage D1 prostate cancer (lane 6), stage D2 prostate cancer (lanes 7 and 8), a bone metastatic
lesion (lane 9) of the tumor in lane 8. (B) Quantitative real-time RT-PCR analysis for NY-ESO-1
mRNA expression in BPH and prostate cancer. Twenty (open square) and 33 prostate cancer
specimens (open circle) which were positive and negative for NY-ESO-1 mRNA expression
respectively by conventional RT-PCR and 8 BPH specimens (open diamond) were analyzed by
real-time RT-PCR. The expression relative to testis (filled square) was determined as described.

Figure 2. NY-ESO-1 antibodies in patients with prostate cancer. ELISA tests were performed
with recombinant NY-ESO-1 protein as the antigen: Serially diluted sera from patients with NYESO-1 mRNA positive (filled square, open square) or negative (filled triangle, open triangle)
tumors, positive control serum from an NY-ESO-1 positive malignant melanoma patient (cross),
and negative control sera from healthy volunteers (filled circle, open circle).
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Table 2. NY-ESO-1 antibody responses in 218 patients with prostate cancera.

Clinical Stage

Antibody Positive Sera

Proportion

Percentage

A

0/9

0%

B

0/28

0%

C

0/41

0%

D1

1/30

3.3%

D2

9/110

8.2%

Total

10/218

4.6%

aThe

difference in the frequency of detection of NY-ESO-1 antibody between patients with metastasis (stages D1 and D2, 10/140) and
without metastasis (stages A, B, and C, 0/78) was statistically significant (P<0.05). Statistical analysis was performed using Fisher's
exact test.

CD8 T cell responses specific for NY-ESO-1 in prostate cancer patients
CD8 T cell responses to NY-ESO-1 were evaluated using recombinant viral constructs encoding NY-ESO-1
cDNA in 3 seropositive and 1 seronegative patients with stage D prostate cancer (Table 4). Purified CD8 T cells
from PBLs were stimulated with autologous CD8-depleted PBLs infected with Ad2/ESO to recall memory CD8 T
cell responses to NY-ESO-1 (13). Figure 3 shows the results of IFN-gamma ELISPOT assays using autologous
B cells infected with recombinant vaccinia viruses as targets. The number of IFN-gamma ELISPOTs produced by
1x105 CD8 T cells are shown in Figure 3A. In two seropositive patients designated PC-1 and -2, CD8 T cells
efficiently produced IFN-gamma ELISPOTs in response to autologous B cells infected with vaccinia/NY-ESO-1
recombinant virus (v.v. ESO), but not wild-type vaccinia virus (v.v. WT). No specific CD8 T cell response to NYESO-1 was observed in seropositive patient PC-3 and no definitive response was seen in seronegative patient
PC-4. IFN-gamma ELISPOTs produced by effector CD8 T cells from 2 seropositive patients were further
investigated using 1x105 autologous B cells infected with vaccinia viruses (v.v. ESO or v.v. WT) as targets.
Specific IFN-gamma ELISPOTs produced by CD8 T cells were observed in patient PC-1, but not in patient PC-3,
in a range of effector cells as shown in Figure 3B.
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Table 3. Correlation between NY-ESO-1 mRNA expression in primary lesions and NY-ESO-1 antibody
response in prostate cancer patients.

mRNA

Ab

No. of Cases

+

+

2

+

-

18

-

+

1a

-

-

32

Total

aNY-ESO-1

53

mRNA expression was negative in the primary tumor, but was not determined in metastatic lymph nodes (see text).

Table 4. Patient characteristics.

Patient
Code

aND,

HLA Class I Typing

NY-ESO-1
Status

mRNA

Ab

NDa

+

PC1

A*0207,*31;B*46,*56;Cw*01,*04

PC2

A*2601;B*4002,*35;Cw*0303,*0304

-b

+

PC3

A*0207,*2402;B*46,07*;Cw*01,*07

+

+

PC4

A*0201,*2402;B*4001,*52;Cw*0303,*1202

ND

-

not determined.
mRNA expression was negative in the primary tumor, but was not determined in metastatic lymph nodes (see text).

bNY-ESO-1
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Figure 3. IFN-gamma ELISPOTs produced by CD8 T cells from prostate cancer patients.
Purified CD8 T cells were stimulated with autologous CD8-depleted PBLs infected with Ad2/ESO.
Responding CD8 T cells were tested for IFN-gamma ELISPOTs in response to autologous B cells
infected with vaccinia/NY-ESO-1 (v.v. ESO) recombinant virus or wild-type vaccinia virus (v.v.
WT). (A) Target cell titration. The number of IFN-gamma ELISPOTs produced by 1x105 CD8 T
cells in response to 1x105 or 5x104 autologous B cells infected with either v.v. ESO (closed bar)
or v.v. WT (open bar). (B) Effector cell titration. The number of IFN-gamma ELISPOTs produced
by 1x105, 5x104, 2x104 CD8 T cells against 1x105 autologous B cells infected with either v.v.
ESO (closed bar) or v.v. WT (open bar).

Discussion
In the present study, we examined NY-ESO-1 mRNA expression and immunogenicity in prostate cancer. Tumor
specimens used for mRNA preparation were obtained from 53 patients with hard nodular lesions palpable by
digital rectal examination. The tumors were clinically classified as stage C (15/53) or D (38/53) prostate cancer.
In a panel of 218 patients diagnosed with prostate cancer at the Okayama University Hospital, the frequency of
stage A, B, C and D cancers was 4.1%, 12.9%, 18.8% and 64.2% respectively. In a large panel of 1037 patients
in Japan, the frequency of stage A, B, C and D prostate cancer at the time of diagnosis was 13.2%, 15.2%,
23.2% and 48.4% respectively (14).
NY-ESO-1 mRNA was highly expressed in advanced prostate cancer (20/53, 38%). No NY-ESO-1 mRNA
expression was observed in 8 BPH specimens. The PCR products were confirmed to be NY-ESO-1 by
nucleotide sequencing, indicating that 35 RT-PCR cycles for the amplification of NY-ESO-1 mRNA using our sets
of primers did not yield false positive signals. NY-ESO-1 mRNA, but not genomic NY-ESO-1 DNA or LAGE-1a
mRNA, which is closely related to NY-ESO-1 (15), was detected using specific primers and TaqMan probe for
http://www.cancerimmunity.org/v3p10/030710.htm (7 of 12)
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quantitative real-time RT-PCR. A higher frequency of NY-ESO-1 mRNA expression was observed in prostate
cancer with systemic metastasis (stage D2) (15/35, 43%), compared with those with local tumors (stage C) (4/15,
27%) or regional lymph node metastasis (stage D1) (1/3, 33%). Similarly, prostate cancer with higher histological
grades (Gleason's score of 8 or more) appeared to have a higher frequency of NY-ESO-1 mRNA expression.
These differences, however, were not statistically significant.
NY-ESO-1 antibody responses were observed in 10 patients with regional lymph node or systemic metastasis
out of 218 patients, including 53 whose tumors were examined for NY-ESO-1 mRNA expression. Seropositivity
to NY-ESO-1 was restricted to patients with stage D prostate cancer. NY-ESO-1 antibodies were not detected in
the sera from 32 healthy volunteers (15 males and 17 females), substantiating our previous report showing that
seropositivity to NY-ESO-1 was restricted to cancer patients (8). Although it was estimated that half of the
patients with advanced malignant melanoma expressing NY-ESO-1 mRNA produced NY-ESO-1 antibodies (8), 2
of 20 patients with NY-ESO-1 mRNA-positive prostate cancer had antibodies against NY-ESO-1. This low
frequency of NY-ESO-1 antibody production was also observed in patients with transitional cell carcinoma (11).
Both antibody and CD8 T cell responses to NY-ESO-1 were observed in one of 33 patients (designated PC-2 in
Figure 3) whose primary tumor was NY-ESO-1 mRNA negative, suggesting that a metastatic lesion but not the
primary lesion in patient PC-2 expressed NY-ESO-1. No seropositivity was observed in the sera from the other
32 patients with NY-ESO-1 mRNA-negative primary lesions.
As shown in previous studies with other tumor types (9, 13, 16), strong CD8 T cell responses to NY-ESO-1 were
detected in 2 prostate cancer patients with NY-ESO-1 antibodies using recombinant viral constructs encoding NYESO-1 cDNA. In one patient designated PC-1, CD8 T cell responses as well as NY-ESO-1 antibodies were
detected over a one-year period. Because the number of known CD8 T cell epitopes identified in the NY-ESO-1
molecule is limited to those binding to HLA-A*0201 and A31 (16, 17) and the CD8 T cell response to NY-ESO-1
is polyclonal (13), the use of recombinant virus is helpful in detecting CD8 T cell responses and identifying new
NY-ESO-1 epitopes in patients with NY-ESO-1 antibodies and HLA class I alleles other than HLA-A*0201 and
A31 (13). Moreover, this viral system allows the monitoring of CD8 T cell responses in patients of any HLA type
vaccinated with various NY-ESO-1 constructs. Vaccination with HLA-A2-restricted peptides was demonstrated to
successfully induce a CD8 T cell response to NY-ESO-1 in immunized patients (18). However, less than 10% of
the Japanese population carries HLA-A*0201. Based on the data presented in this study, we are now planning a
clinical trial with vaccination using NY-ESO-1 protein in advanced prostate cancer, especially in patients with
metastatic hormone-refractory prostate cancer in which the effectiveness of current therapies is limited.

Abbreviations
BPH, benign prostatic hyperplasia
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Materials and methods
Patients, sera and tumor specimens
Patients were 218 individuals who visited the Department of Urology, Okayama University Hospital, from January
1999 to December 2002. Patients underwent transurethral resection of the prostate or transrectal needle biopsy
and were diagnosed histologically with prostate cancer. The mean age at diagnosis was 72 (range 53 to 94). All
patients had tumors at the time of serum collection. Clinical staging of prostate cancer was assessed according
to the consensus report (19). The Gleason's score was determined according to the standard criteria (20).
Sufficient amount of tumor specimens for analysis of NY-ESO-1 mRNA expression was obtained from 53
patients with hard nodular lesions, palpable on digital rectal examination, which were recognized as low echoic
areas on transrectal ultrasonography. The mean age at diagnosis in these 53 patients was 74 (range 57 to 94).
Serum prostate specific antigen levels for these 53 patients ranged from 7 to 5974 ng/ml with a median value of
208 ng/ml. A bone metastatic lesion was obtained from a patient who underwent surgery due to sudden
paraplegia. Specimens of benign prostatic hyperplasia were obtained from 8 patients by transurethral resection.
Informed consent was obtained from all the patients for the use of specimens and sera.
RT-PCR analysis
mRNA was isolated from frozen tumor specimens using the QuickPrep Micro mRNA Purification Kit (Pharmacia,
Uppsala, Sweden). Isolated mRNA was subjected to cDNA synthesis using the First-Strand cDNA Synthesis Kit
(Pharmacia). Primers for RT-PCR were: ESO1-1, 5'-AGTTCTACCTCGCCATGCCT-3' and ESO1-2, 5'TCCTCCTCCAGCGACAAACAA-3'. The amplification program for NY-ESO-1 was 1 min at 94°C, 1 min at 62°C
and 1.5 min at 72°C for 35 cycles, after initial denaturation at 94°C for 1 min. These cycles were followed by a 10
min elongation step at 72°C. The PCR products (385 bp) were analyzed on an 0.8% agarose gel.
Quantitative real-time RT-PCR
Real-time RT-PCR was run on the ABI PRISM 7700 Sequence Detection System (Applied Biosystems, Foster
city, CA, USA) to amplify the NY-ESO-1 gene product. The forward primer was 5'-GCTGAATGGATGCTGCAGA3' from exon 1 and the reverse primer was 5'-CTGGAGACAGGAGCTGATGGA-3' from exon 3, leading to an
amplicon of 250 bp in length. The TaqMan probe (5'-FAM-TGTGTCCGGCAACATACTGACTATCCGA-TAMRA3') was designed to span the junction of exon 2 and 3. The specificity of the primers and TaqMan probe was
confirmed using human genomic DNA (BD Biosciences Clontech, Palo Alto, CA, USA) and LAGE-1a cDNA
cloned from human testis cDNA. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was amplified as an
endogenous control using TaqMan human GAPDH control reagents (Applied Biosystems). Human testis cDNA
was purchased from BD Biosciences Clontech. The threshold cycle (Ct) value was determined as the cycle at
which the fluorescence of the reaction first arose above the background. The Ct value was regarded as infinite
when no fluorescence rose from the background even after 40 amplification cycles. The Ct value obtained for the
endogenous control was subtracted from the Ct value for NY-ESO-1 for each specimen (DELTACt = Ct of NYESO-1 - Ct of GAPDH). The expression level of NY-ESO-1 mRNA in specimens relative to that in normal testis
was calculated by subtracting the DELTACt value for normal testis from the DELTACt value obtained for
http://www.cancerimmunity.org/v3p10/030710.htm (10 of 12)
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specimens (DELTADELTACt = DELTACt of specimens - DELTACt of the normal testis), and the relative
expression level was calculated as 2-DELTADELTACt.
ELISA
ELISAs were performed using recombinant NY-ESO-1 protein as the antigen as described (8).
Generation of viral vectors
The adenoviral construct encoding NY-ESO-1 (Ad2/ESO) was provided by Genzyme Corporation (Cambridge,
MA, USA). The vaccinia virus construct encoding NY-ESO-1 (v.v. ESO) was provided by Therion Biologics
(Cambridge, MA, USA). Details have been described elsewhere (13, 21).
Infection of antigen presenting cells (APCs) or target cells with recombinant viruses
For APCs, CD8 T cell-depleted peripheral blood lymphocytes (PBLs) were infected with adenovirus constructs at
100 IU/cell for 20 hr at 37°C in 300 µl X-VIVO-15 (Bio-Whittaker, Walkersville, MA, USA). For target cells, 1x106
PBLs cultured with 200 U/ml human rIL-6 (Peprotech, London, England) and 10 ng/ml human rIL-12 (Peprotech)
for 1 week were infected with vaccinia/NY-ESO-1 recombinant virus (v.v. ESO) or wild-type vaccinia virus (v.v.
WT) at 30 pfu/cell for 20 hr at 37°C in 300 µl X-VIVO-15.
In vitro sensitization of CD8 T cells with adenoviral constructs
CD8 T cells were purified from PBLs using antibody-coated magnetic beads (Miltenyi Biotec, Auburn, CA, USA).
5x105 CD8 T cells were co-cultured with irradiated 2x106 APCs infected with adenovirus constructs in 24-well
plates (Becton Dickinson, Franklin Lakes, NJ, USA) in RPMI 1640 with 5% human AB serum (Sigma, St. Louis,
MO, USA), 2 mM L-glutamine, 100 U/ml penicillin, 100 µg/ml streptomycin, and 1% nonessential amino acids for
10 days at 37°C in 5% CO2 atmosphere. 10 U/ml human rIL-2 (Takeda, Osaka, Japan) and 20 ng/ml human rIL7 (Peprotech) were added every 3 days.
ELISPOT assays
Responding CD8 T cells (2x104 to 1x105) and target cells (5x104 or 1x105) were cultured in 96-well nitrocellulose
plates (Millipore, Bedford, MA, USA) precoated with 2 µg/ml anti-human IFN-gamma mAb (1-DIK; Mabtech,
Stockholm, Sweden) for 20 hr at 37°C in RPMI 1640 without IL-2 and human serum. After washing, rabbit antihuman IFN-gamma serum diluted 1:800 with phosphate buffered saline was added and incubated for 2 hr at
37°C. After washing extensively, goat anti-rabbit IgG serum conjugated with alkaline phosphatase (Southern
Biotechnology, Birmingham, AL, USA) diluted 1:2000 was added and the plates were incubated for 1 hr at 37°C.
After washing, substrate (AP conjugate substrate kit; Bio-Rad Laboratories, Hercules, CA, USA) was added and
the plates were incubated for 15 min. Spots were counted under a microscope after washing the plates.
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